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Preface 
The tremendous amount of technology available today would allow us to 
guarantee the perfect safety and security of any site with reliability very close to 
100%. This dream might be realized under two extreme conditions: 
- no budget limitation has to be taken into account, 
- no legal constrains would limit the technological choices. 
In everyday life the above mentioned constrains would strongly restrict the 
choices effectively available. An example over all is the terahertz technology. It 
might offer the possibility of the perfect scan of any person in order to easily 
discover the presence of explosives, drugs and also non metallic weapons.  
Anyhow, one of the major challenges of this technology is just its power and 
its capability of performing the accurate scan of any body. In fact, each person 
would appear completely naked thus showing any personal defect or anomaly. 
This is a typical case in which the possibility offered by technology is strongly 
limited by the natural need of privacy. 
Another case very similar to this is offered by the possibility of registering 
the main identifying elements of each person passing through an assigned gate. 
Many of us, entering the United States or many Middle East countries, have 
been scanned in the eye, pictured and have had their finger prints registered. 
This approach is totally forbidden in many European countries. 
In addition, we observe that, as each physical quantity can be measured in 
many different ways, the final choice is not only a matter of price or 
performance but very often is limited by the boundary conditions of the 
measurement. As an example, we can refer to very high temperature 
measurements, which can be made only by infrared detectors. Of course, no 
sensor or no measurement method can be the jolly of any practical situation. 
With the previous considerations in mind a modern sensor engineer would 
be able to design a safety and/or security system with the classical goal of 
maximizing its performance for a given total available budget. This means that 
this kind of engineer must know the basic characteristics of any sensor in order 
to integrate it according to the specific requirements.  
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viii Preface 
 
Why photonics? 
Photonics is a remarkable technological field able to support a multi-billion 
Euros per year market.  
It is essentially based on the photons – matter interaction. It plays a 
fundamental role in safety and security because of its capability to supply 
sensors which can be sensitive only to a specific parameter being totally 
insensitive to any other agent. A specific example is offered just by optical fiber 
sensors which, unless specific tools are intentionally used, are characterized by a 
total independence of any other environmental parameter. Free space 
propagation, on the other side, is the fundamental tool for a variety of 
contactless and not invasive diagnostic techniques. Indeed, this last property is 
shared with all measurement techniques based on the use of waves, either 
acoustic or electromagnetic.  
Today, based on the use of extremely miniaturized devices, photonics is able 
to supply compact and user friendly systems easy to be embedded almost in any 
apparatus. In addition, the possibility to separate the diagnostic sensor from the 
electrical apparatus makes photonic devices ideal candidates in many dangerous 
or extreme environments likes explosive substances tanks, low or high 
temperature environment, high electromagnetic field systems. It is enough to 
think about measurements to be performed inside cryogenic environments where 
the optical fiber is often the only suitable candidate, or high temperature 
furnaces for semiconductor processing where light is the unique possibility for 
real time online measurements. And also explosive or flammable substance 
pipes, tanks where any parameter measurements must provide the total absence 
of any electrical signal. 
Besides the previous cases, another field of interest is that of medical and 
food application where the perfect chemical inertial properties of the glass play a 
fundamental role for using optical fibers for a large variety of different 
measurements. 
In this volume, the authors aim to give a survey of the wide range of 
applications of photonics in the fascinating field of safety and security. The 
book continues the series initiated with the Handbook An Introduction to 
Optoelectronic Sensors, containing the state-of-the-art of optoelectronic 
technologies for sensing.  
Photonics for Safety and Security is a collection of up-to-date contributions 
by renowned experts in the field. After a chapter introducing the principal 
concepts which underpin the realization of photonic systems, a large variety of 
photonics applications in different areas of safety and security is illustrated.  
The overview of the different applications ranges from the use of Fiber 
Bragg Grating sensors for diagnostic and control in civil structures, remote 
sensing techniques for earth and territory monitoring, cultural heritage, food 
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 Preface ix 
industry, detection of chemicals, drugs and explosives, environment, underwater 
monitoring, aerospace devices, medical and clinical diagnostics, quantum 
cryptography, night vision and many others such as the ever so popular forensic 
sciences. 
 
 
 
Antonello Cutolo         Anna Grazia Mignani      Antonella Tajani 
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